Magnetization of the topological surface states of topological insulators is critical to designing and creating next-generation innovative and novel spintronic devices. Here we discover through density functional calculations that the emerging two-dimensional (2D) ferromagnetism discovered in the insulating monolayer CrI 3 by recent experiments [B.
Topological insulators (TIs) are exotic materials that have full insulating gap in their bulk but display protected peculiar gapless topological surface states (TSSs) by timereversal symmetry on their edges or surfaces [1, 2] . Magnetization of their TSSs is essential to designing and creating next-generation innovative and intriguing spintronic devices [3] [4] [5] [6] , especially the dissipationless device based on the quantum anomalous Hall effect (QAHE) [7] [8] [9] . The conventional approach widely used to magnetize the TSSs is to dope magnetic ions into the TI thin films to substitute the TIs' cations [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . Although magnetizations of the TSSs of TIs in this way have been successfully realized by experiments in the Cr-or V-doped (Bi, Sb) 2 Te 3 thin films [20] [21] [22] , various changeling issues, especially the uncontrollability of dopant distribution and magnetic ordering, badly hamper the further progresses. A seemingly promising alternative to magnetize the TSSs of TIs is the interfacial magnetic proximity induced by engineering heterostructures of the ferromagnetic (FM) insulators and TIs [23] [24] [25] [26] [27] [28] [29] [30] [31] . In these heterostructures, the TSSs of TIs hybridize strongly with the states of magnetic films and their peculiar characteristics around the Fermi level are mostly damaged [27, 29, 32] , which is extremely detrimental to realizing QAHE. Therefore it is greatly desirable to put forward another strategy that magnetizes the TSSs and has no detrimental effect simultaneously.
Recently discovered insulating 2D ferromagnetism by experiments in the monolayer (ML) CrI 3 [33] is promising and perfect to magnetize the TSSs of TIs by building the heterostructures CrI 3 /TI/CrI 3 . Although the magnetic ions Cr 3+ are covered by the nonmagnetic iodine layers, their spin polarizations can be easily sensed by the TSSs of TIs because the latter has fairly large spatial extension. On the other hand, the ML CrI 3 is a semiconductor and thus the topological and transport properties of TIs can be maintained in the heterostructures. Most importantly, the Curie temperature of the ML CrI 3 is high up to 45 K [33] . Therefore it is possible in principle to achieve the QAHE experimentally at this temperature which is far higher the exceedingly low temperature (30 mK) in the Crdoped (Bi, Sb) 2 Te 3 thin films [20] .
In this Letter, we propose to magnetize the TSS of the prototypical 3D TI Bi 2 Se 3 by means of the 2D ferromagnetism discovered in the ML CrI 3 . We build the symmetric heterostructures CrI 3 /Bi 2 Se 3 /CrI 3 and vary the quintuple layers (QLs) of the TI Bi 2 Se 3 from three to seven. We discover that the TSS of the TI Bi 2 Se 3 is magnetized by the 2D ferromagnetism of the ML CrI 3 . Studies based on the low-energy effective four-band
Hamiltonian evidence that such heterostructures with six and more QLs are the Chern insulators and their band gaps are in the order of several meV. Furthermore, the band gaps of these Chern insulators are noticeably increased by reducing the vdW gap in these heterostructures. Our work shows that it is greatly brightening to realize the QAHE experimentally by contacting 3D TSs with the emerging 2D ferromagnetism [33, 34] in the future.
Geometric and electronic structures of CrI 3 /TI/CrI 3 heterostructures are investigated based on the density functional theory (DFT) and by employing the Vienna Ab Initio
Simulation Package at the level of the generalized gradient approximation [35] [36] [37] [38] . The projector-augmented wave pseudopotentials are adopted to describe the core-valence interaction [39, 40] and the energy cutoff for the plane-wave expansion is 500 eV [38] .
Relaxations of the geometric structures are stopped when the forces on each atom are less than 0.01 eV/Å and spin-orbit coupling (SOC) is not included. To obtain the reliable vdW gaps between the ML CrI 3 and the TI Bi 2 Se 3 , we take into account the long-range vdW correction [41, 42] form a honeycomb sublattice (Fig. 1a) . It can be also regarded as strongly bonded 2D ICr-I layers (inset in Fig. 1b) is an insulating ferromagnet with perpendicular magnetic anisotropy as well (see Part I in Supplementary Material (SM)). Especially, it is worth noting that the tensile strain has a minor effect on the band structure of the ML CrI 3 (Fig. 2e) . As shown by the real-space distribution of its charge difference   (Fig. 2f) , charge redistributions mostly take place between the interfacial Se and iodine atoms. Hence the 2D ferromagnetism of the ML , and
Parameter Δ is the exchange field along the z axis, and parameter V represents the magnitude of the asymmetric interfacial potential. This Hamiltonian reproduces the DFT calculated bands around the  point well (Fig. 3a and 3e) . We calculate the Berry curvature    k and Chern number N C based on the following formulas [47, 48] :
The summation in Eq. (2) Unexpectedly, the heterostructure CrI 3 /5QL-TI/CrI 3 is a topologically trivial insulator.
Intuitively, the M-shaped valence bands and the W-shaped conduction bands around the  point as shown in the Fig. 3a signal the band inversion. It is therefore expected that this heterostructure should be a topologically nontrivial insulator. The Berry curvature along the high-symmetry path in the FBZ indeed has huge values around the  point (Fig.   3b ). Note that non-ignorable negative Berry curvature appears around the  point as well.
The vanishing total Berry curvature is obtained by integrating the Berry curvatures over the FBZ obtains. It is disclosed by studying the Berry curvature from the individual band that the Chern numbers of the two occupied bands are opposite, one of which is positive half but the other one of which is negative half (Fig. 3a) . Consequently, the CrI 3 /5QL-TI/CrI 3 heterostructure has a zero Chern number and is a normal insulator, thereby its band structure being not truly inverted.
The strong asymmetric interfacial potential gives rise to the above-mentioned specious band inversion in the heterostructure CrI 3 /5QL-TI/CrI 3 . Obviously, only the exchange filed  and the asymmetric interfacial potential V p probably result in the specious band inversion. In order to make clear the decisive factor, we examine their effects on the band structure. If only the exchange field  is switched off, the specious band inversion still exists in the band structure as shown in Fig. 3c . Note that, in this case, the bands at the  point are doubly degenerated, different from the non-degenerate bands in the original case as shown in Fig.3a . Gradually increasing the exchange field  splits the above- Berry curvature around the  point (Fig. 3f) . Strikingly different from the heterostructure CrI 3 /5QL-TI/CrI 3 , the heterostructure CrI 3 /6QL-TI/CrI 3 has no non-ignorable negative Berry curvature around the  point. Besides, its Berry curvature is extraordinarily sharp and almost distributes in a tiny zone around the  point (inset of Fig. 3f ), consistent with the spin discontinuity rather close to the  point (inset of Fig. 2c) . By integrating the Berry curvatures from each band over the FBZ, we find the Chern numbers of the two occupied bands are both half (Fig. 3e) . Hence the heterostructure CrI 3 /6QL-TI/CrI 3 has a
Chern number equal to unity and it is a Chern insulator. Similarly, the heterostructure to the DFT calculated band structures, we obtain that the reduced vdW gap strongly strengthens the exchange field  but leave the parameter M and the asymmetric interface potential V p slightly unvaried (Fig. 4a) . Thus the increased band gap is due to the strengthened exchange field  . 
